Objective: To compare the effect of overground walking and treadmill exercise on walking speed and ability in elderly from week to week.
Introduction
There are two causal factors for the risk of falling in elderly: intrinsic factor (physical and neuropsychiatric conditions, decreased vision and hearing, neuromuscular changes, walking pattern, and postural reflect due to aging process) and extrinsic factor (medicines taken, walking-aid, and unsupportive/dangerous environment). [1] [2] [3] Poor balance and abnormality of walking pattern contribute to 10-15% of the risk of falling in elderly.
Normal walk parameters include velocity or speed, i.e. the walking speed in meter second; stride length or cycle length, i.e. the length from one heel strike to another heel strike of the same foot; stride time, i.e. distance between a heel strike of a foot and another heel strike of the other foot; and cadence or walking speed, i.e. the walking speed in number of steps per minute. 4 Walking quality is one of the factors that will determine the quality of life. However, in elderly, this function can be disrupted. Walking quality includes locomotor instability and walking ability. In general, the locomotor instability in elderly is caused by decreased muscle mass, strength, power, joint movement area scope, and flexibility. These result in changes in terms of elderly walking pattern (decreased stride length, stance phase and expanded double support, as well as decreased stride symmetry), 5 which leads to increased energy expenditure and decreased ability for long distance walk. The elderly muscle strength and endurance that are under the threshold will limit the elderly to ambulate outside the house. Therefore, the elderly will tend to stay home which less activities, causing further decrease in the functional capacity and higher risk for fall. 2, 3, 6 The elderly stride length is shorter than that of adults but the elderly cadence is relatively similar to adults and even sometimes smaller than adults, making the elderly walking speed inside and outside a room lower than those of the adults. A 70-year-old elderly walks with a speed of 1.1±0.2 m/sec for females and 1.2±0.2 m/sec for male when a person should walk with a minimum speed of 1.4 m/sec to be effective enough to walk in an environment such as to cross a street safely. 2, 6 Exercise interventions can be provided to deal with reduced locomotor functions among elderly, which include exercises to improve muscle mass and durability, strength, power, joint movement area scope, flexibility, balance, reaction time, and endurance. Walking is an aerobic exercise that has been promoted to improve physical and cognition functions in elderly. This exercise is usually done by using two methods, i.e. treadmill and over ground walking.
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Overground walking exercise is carried out by walking on a flat surface with or without visual and auditory aids. Meanwhile, treadmill is one of the instruments used to exercise a dynamic walk in one place. Treadmill exercise using the forced use-method is intended to improve step length and walking speed. The treadmill movement will regulate the movement of both legs appropriately. 6, 7 Some studies have been performed to look at the differences between walking exercises using treadmill and overground walking in terms of the biomechanical outputs and walking patterns in elderly. However, only one study had compared the effect of treadmill and overground exercise on elderly daily activities, especially walking. [5] [6] [7] Marsh et al. 8 from the Department of Health and Exercise Science, Wake Forest University, North Carolina, United State, performed a study on treadmill and overground exercise effects in 23 elderly people. At the end of the study, Marsh et al. 8 found that the walking speed of the overground walking group was higher that the treadmill ground, and the overground walking group also showed more appreciation and interest on the exercise compared to the treadmill group.
There are only a few studies of overground walking and treadmill exercise effects on elderly walking speed and ability available. Therefore, our present study specifically compares the overground walking and treadmill effects on elderly walking speed and ability in Indonesia which is monitored weekly using 10 meter walking test and 6 minute walking test in order to determine the exact time when the exercise effects appear and to identify which exercise is better between the this two exercises.
Methods
This study received ethical approval from the Ethical Committee of Dr. Hasan Sadikin General Hospital and every participant has signed an informed consent. The subject includes all elderly in Karitas and Nazareth nursing home during the period of September-December 2011 who met the inclusion criteria and were not excluded based on the exclusion criteria. and willing to participate in the study, and able to perform the walking training. The exclusion criteria include cardiovascular problems such as unstable angina pectoris and congestion heart disorder, neuromuscular disorders, and musculoskeletal disorders, making it impossible to perform the exercise procedures. Elderly with a history of falling during the last 6 months was also excluded. There were 24 subjects who met the inclusion and exclusion criteria. All subjects were divided randomly using the block permutation method into two groups, (A) overground walking group and (B) treadmill group. Each group consisted of 12 people. During the process, 6 people dropped out (DO) (25%), which included 3 people from each group. One person from group A dropped out because the person did not want to continue the exercise while 2 people from the same group dropped due to sickness. In group B, one person dropped out because of unwillingness to continue the exercise, another one dropped out because of exhaustion and the last person dropped out due to sickness.
The overground training given in this study included walking training on flat surface floor without any visual or auditory aids. 8 The training was performed according to the participant's ability with a maximum of 60 minutes per exercise, 3 times a week for 6 weeks, with the following details:
1. Week I (to improve step length): participant was walking with the most comfortable step length, by taking as little step as possible and maintaining one foot as long as possible in the air.
2. Week II-IV (to increase speed): when the comfortable step length was achieved, the speed was increased to a Rating of Perceived Excertion (RPE) of 12-13 or 60% of the maximum heart rate. The treadmill exercise was performed on a treadmill which is one of the tools used to exercise dynamic walking that enable enforced walking with certain speed and can be adjusted according to the user's need. 7 The participants performed the exercise according to the participant's ability with a maximum of 60 minutes per exercise, 3 times a week for 6 weeks, using the following treadmill exercise procedure:
1. The participant was standing on a treadmill with hands on the hand support.
2. Week I (to improve step length): Treadmill was set on the lowest speed (0.5 km/hour) and a constant elevation degree of 0° during the study. The participants were asked to walk according to the treadmill speed, then the speed was increased to reach the most comfortable speed for the participant to walk by taking as little step as possible and maintaining one foot as long as possible in the air.
Week II-VI (to increase speed): when the most comfortable step length was achieved, the speed was increased to RPE 12-13 or 60% of the maximum heart rate.
Before the exercises, all participants were measured for the blood pressure and the heart rate. The exercise was started by stretching the quadriceps, hamstring, anterior tibia and gastrocnemius muscles Outcome measurements are performed by:
1. Six minute walking test for walking ability. The participant's walking ability to walk for 6 minutes (6 minute walking test) which is measured by the distance achieved (meter). 9 2. Ten meter walking test for walking speed. Walking speed that is measured by 10 meter walking test with a distance unit that is divided by the time (m/sec). [10] [11] [12] Every week, the 10 meter walking test and 6 minute walking test were performed by both groups on the same day with 10 minute time interval for resting between the tests.
Results
Statistical test results on the overground walking and treadmill group characteristic comparisons, including age, body mass index (BMI), duration of stay in the nursing home, gender and education, show that both groups are homogenous. The normality test with the Shapiro Wilks test for a sample size of less than 50 people shows that the walking speed change in the overground walking and treadmill groups is normally distributed, and the walking ability in the overground walking and treadmill groups is not normally distributed.
To test the comparison between the speed and ability of the elderly in the overground walking and treadmill groups before and after the study, the bivariate analysis was performed using the dependent t-test because the data are normally distributed. The independent t-test was used for the bivariate analysis to compare the walking speed change of the overground walking and treadmill groups because the data are normally distributed, and for the comparison of walking ability change of the overground walking and treadmill groups the Mann Whitney test was used because the data are not normally distributed.
Walking speed comparison between elderly in overground walking and treadmill groups for six week exercise can be observed in Table 1  and Table 2 , showing increased walking speed starting two weeks after the overground walking exercise was started (p=0.019) and since one week after the treadmill exercise was started (p=0.050). Table 3 shows that the overground walking group has better walking speed increase compared to the treadmill group after three weeks of exercise (p=0.008).
The comparison between walking ability of the elderly overground walking and treadmill groups after six weeks shows that the walking ability improvement was observed since one week after the overground walking exercise was
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started (p=0.019) and since three weeks after the treadmill exercise was started (p=0.009) ( Table  4 , 5). The overground walking group has better walking ability improvement than the treadmill group after three weeks of exercise (p=0.017) ( Table 6 ).
Discussion
Walking is an excellent aerobic exercise mode and has been promoted to improve physical and cognition functions in elderly. For some elderly, walking can be performed comfortably at home, in the mall or park environment. Walking function declines due to the age factor, making the overground walking and treadmill walking exercises useful to improve the elderly's aerobic capacity.
A significant aerobic capacity improvement will be seen in 4-6 weeks of an aerobic exercise. Marsh et al. 8 had performed a study on treadmill and overground walking impact towards elderly physical functions and attitude. In this study, both groups performed 6 weeks exercises (18 sessions) which is similar to the present study, i.e. 6 weeks with 3 exercises per week (18 sessions), were also applied in this study.
In elderly, female walking speed is slower than the male's because the males are taller than the females and they have more and stronger muscle. In addition, males walk more compared to females. [13] [14] [15] [16] Furthermore, elderly walking speed is affected by education level. 15, 16 These confounding factors was already eliminated by the statistic test results that show the fact that both groups are homogeneous.
Changes in walking characteristics among elderly lead to decreased walking speed. 2, 5 This is in agreement with the present study results showing that the overground walking group average walking-speed is 1.08 m/sec and the treadmill group is 1.04 m/sec (Table 1 and 2) .
The increased walking speed after two weeks of overground walking exercise (p=0.019) and after one week of treadmill exercise (p=0.050). The overground walking group had better speed that the treadmill group after three weeks of exercise (p=0.008) ( Table 3 ). This is related to the fact that the treadmill forced the participants to follow its rotation speed. Sohn et al. 17 studied about the possibility of increased stress because of walking on a treadmill. Likewise, Marsh et al. 8 found that the overground walking group showed more appreciation and interest to the exercise compared to the treadmill group so they performed the exercise better. In this study, the participants also completed a questionnaire that, later on, was analyzed statistically with the results show that the elderly in Karitas and Nazareth nursing home in Bandung preferred the overground walking exercise to the treadmill although there was no significant difference in the subjective perception based on the exercise given and when the group was asked to perform other group's exercise, no significant difference in subjective perception between the overground walking and treadmill exercise was found. This may lead to the overground walking group trains better in the second weeks and, comparing to the treadmill group, results in better speed increase in the overground walking group.
From week to week, the overground walking group speed was higher than that of the treadmill Theresia Chandra Tania Novy, Vitriana, et al.
:29-36 group, and still showed an increase after the sixth week, whereas the treadmill group started to reach plateau after the sixth week. Therefore, a longer study is needed to see the time when the walking speed from the overground walking and treadmill exercises reach the plateau and then maintained according to the elderly's needs for daily activities. In addition, it is observed that the overground walking group reached the minimum walking speed needed for safe ambulation (1.4 m/sec) in the third week and still increases in the following weeks, while the treadmill group had not reached the minimum walking speed needed for safe ambulation. The results of this study are similar to those of a former study performed by Marsh et al. 8 which stated that the elderly walking speed after overground walking exercises is higher when it is compared to the treadmill exercise group after 6 weeks (18 sessions) (t(22)=-8.54, p<0.001, t(22)=-10.87, p=0.001, respectively). However, the former researchers did not examine the elderly walking speed change improvement in each exercise group from week to week.
The statistic test results used dependent t-test with 95% confidence level (Table 4) . This shows that statistically there is a significant difference in elderly walking ability in Karitas and Nazareth nursing home in Bandung before and after the overground walking exercise was performed for one week with p=0.019, and after the second week and afterwards with p≤0.05. In addition, Table 5 shows a significant difference in elderly walking ability in Karitas and Nazareth nursing home in Bandung before and after the treadmill exercise that started to appear after three weeks of exercise with p=0.009 and after the fourth week with p≤0.05. Furthermore, it can be seen that the walking ability improvement in both groups still continue after the sixth week of the exercise and the statistic test using Mann Whitney test with 95% confidence level shows a significant difference between the overground walking and treadmill exercise effects on elderly walking ability improvement after three weeks of exercise with p=0.017 (p≤0.05) and after the fourth week and afterwards with p≤0.05 (table 6), so a longer study is needed to see when the elderly walking ability starts to be stable in both groups.
This study shows that the overground walking group has better subjective perception regarding the exercise compared to the treadmill group, albeit statistically insignificant. This makes the elderly in the overground walking group performs better than those in the treadmill group, leading to higher walking ability improvement in this group.
Muscle adaptation towards aerobic exercises such as walking includes improved capillaries, increased number of mitochondria and size improvement as well as early improvement in oxidative enzyme activities (in 7-10 days). This adaptation increases the muscle capacity to extract oxygen from arteries for metabolism. A significant aerobic capacity improvement will be seen in 4-6 weeks of aerobic exercise. Aerobic capacity improvement in this study is noticed from improved elderly walking speed and ability after two weeks and one week of the overground walking exercise and also in the treadmill group after one week and three weeks of exercise.
Several previous studies have been performed to compare walking temporal parameter, joint kinematics, and muscle activation pattern in treadmill and overground walking, often leading 17 suggested that the kinematic and kinetic differences between treadmill and overgound walking exercises are less than three degrees and can be ignored. Tulchin et al. 18 evaluated ankle movement in treadmill walking and overground walking with results showed that the segmented multi feet kinematics of both methods do not show any significant difference. Sohn et al. 19 stated that the walking kinematics on treadmill and overground walking were very similar, even though the value difference in every joint was significant (p≤0.05) with a general differences of less that 3 o . The walking energy expenditure on treadmill is significantly higher than that of the overground walking and it is thought that there is an increased stress in treadmill exercise induced by the treadmill track. Improvement or change resulted from the training on a treadmill is not always transferable to the daily walking activity. Readjustment is needed to be included into the daily walking activity for the elderly, especially in terms of identifying obstacles and changing the strategy for walking inside and outside the house in a daily basis 20 and, for this study, in six minute walking test and ten meter walking test. When walking on a treadmill, the muscle activation pattern and, later, joint moments and powers change while the body tries to maintain the extremity kinematics and spatiotemporal parameter of the relatively constant walking pattern. This explanation could help us to understand why overground walking gave better results compare with treadmill. In summary, the elderly walking speed and walking ability are better after overground walking exercise compared to the treadmill. The effect of exercise was seen at three weeks after exercise given. 
